The objective of this study was to investigate the possibility of using maize tassel as an alternative adsorbent for the removal of chromium (VI) and cadmium (II) ions from aqueous solutions. The effect of pH, solution temperature, contact time, initial metal ion concentration and adsorbent dose on the adsorption of chromium (VI) and cadmium (II) by tassel was investigated using batch methods. Adsorption for both chromium (VI) and cadmium (II) was found to be highly pH dependent compared to the other parameters investigated. Obtained results gave an adsorption capacity of 79.1 % for chromium (VI) at pH 2, exposure time of 1h at 25 ºC. Maximum capacity of cadmium of 88 % was obtained in the pH range of 5-6 at 25 ºC after exposure time of 1 h. The adsorption capacities of tassel for both chromium (VI) and cadmium (II) were found to be comparable to those of other commercial adsorbents currently in use for the removal of heavy metals from aqueous wastes. These results have demonstrated the immense potential of maize tassel as an alternative adsorbent for toxic metal ions remediation in polluted water and wastewater.
INTRODUCTION
A heavy metal is a metal of relatively high specific gravity greater than 5 or high atomic weight, one that is poisonous like lead, mercury, chromium and cadmium (Bailey et al., 1999; Lakatos et al., 2002) . Chromium and cadmium have been selected in this study because of their inherent toxicity to most organisms (Merroun et al.,1998; Wan Ngah and Hanafiah, 2008) . These metals are major pollutants in South Africa's water resources due to their use in many industries, such as metal plating, mining operations and tanneries. Some metals associated with these activities are lead, mercury, cadmium and chromium (Abdel-Ghani et al., 2007; Abia and Igwe, 2005; Bailey et al., 1999; Dang et al., 2009; Zvinowanda et al., 2009b) .
Cr (III) is essential trace element needed for glucose metabolism in humans, plants and animals. It is relatively innocuous and immobile when compared to Cr (VI) compounds. Cr (VI) moves rapidly through soils and aquatic environments and is a strong oxidizing agent capable of being absorbed through the skin. The maximum concentration limit for chromium (VI) for discharge into inland surface waters is 0.1 mg/L and in potable water is 0.05 mg/L (Dubey and Krishna, 2007) . The major sources of Cd (II) and Cr (VI) compounds are ferrochrome processing and metal plating industries (Álvarez-Ayuso and García-Sánchez, 2007; Amuda et al., 2007; Dakkiy et al., 2002; Gupta et al., 1999) .
Because of the high positive charge of Cr (VI), it is hydrolysed to form oxo-anions, CrO 4 2-, HCrO 4 -and Cr 2 O 7 2-depending on the pH of the media (Mohan and Pittman, 2006) . At low pH and high chromium (VI) concentration, it exists predominantly as dichromate (Cr 2 O 7 2-); while at pH greater than 6.5, Cr (VI) exists as a chromate (CrO 4 2-). At pH less than 2, the HCrO 4 -is the dominant species. Acute exposure to Cr (VI) causes nausea, diarrhoea, liver and kidney damage, dermatitis, internal haemorrhage and respiratory problems (Singh et al., 2007) . Inhalation may cause acute toxicity, irritation and ulceration of the nasal septum and respiratory sensitisation (asthma). Injection may affect kidney and liver functions. Skin contact may result in systematic poisoning damage or even severe burns, and interference with the healing of cuts or scrapes (Jusoh et al., 2007; Naiya et al., 2009; Wang et al., 2009) . If not treated properly this may lead to ulceration and severe chronic allergic contact dermatitis. Eye exposure may cause permanent damage (Cohen, 2006) .
Cadmium in nature exists mainly in the +2 oxidation state, which gives stable compounds. The major sources of Cd (II) in most water bodies include mining through acid mine drainage and battery manufacturing industries. Cadmium is a non-essential element and is one of the most hazardous trace elements, which is classified as a "priority metal" from the standpoint of potential hazard to human health and plant life (Singh et al., 2007; Vandecasteele et al., 2007; Zhu et al., 2007) . The most crucial problem of heavy metal pollution is that the metals and their speciation products are non bio-degradable hence tend to accumulate until above lethal concentration levels (LC). The level of chromium and cadmium in discharged wastewater should be reduced, or recycled if possible. Several technologies have been developed to remove heavy metals and their speciation products from wastewater or contaminated water in order to make water usable. However, the literature is still insufficient to cover this problem and more work and investigations are needed to deal with other locally available and cheap adsorbents to eliminate Cr (VI) and Cd (II) from industrial wastewater with different compositions and characteristics (Babel and Kumiawan, 2004; Kurniawan et al., 2006; O'Connell et al., 2008; Malakootian et al., 2009) .
The minimisation of the environmental impact of transition and heavy metals in aquatic systems and leachates requires the application of different chemical processes such as precipitation, ion-exchange, adsorption, electrochemical precipitation, membrane filtration, reverse osmosis, solvent extraction, electrodialysis, sedimentation, flotation, phyto-remediation, electro-coagulation, electro-kinetic extraction, cementation, evaporation, dilution, stripping, flocculation and chelation (Doyurum and Celik, 2006; Lakatos et al., 2002; Karbassi et al., 1994) . Chemical precipitation has been the most used method from the list (Mohan and Pittman, 2006) .
Currently, activated carbon is the major material used in the extraction of gold from its aqueous solutions. However, as already referred to, the use of CAC in heavy metal uptake from aqueous waste is constrained by the high cost of this material which can not be financially compensated, as in gold processing. In recent years, number of agricultural materials such as palm kernel husk, modified cellulosic material, corn cobs, residual lignin, wool, apple residues, olive mill products, polymerized orange skin, banana husk, pine back, sawdust, coals, etc. have been reported for their removal of toxic metals from aqueous solutions (Bailey et al., 1999; Doyurum and Celik, 2006; Lakatos et al., 2002; Srivastava et al., 1986) . However, most of these agricultural materials investigated so far have limitations in terms of efficiency and their adsorption capacities for heavy metals. The limitations of some of the aforementioned technologies which include high cost, unavailability, generation of large volumes of secondary waste and poor removal efficiency has necessitated the continued search for new adsorbent materials. Tassel is an agricultural material which can be investigated for its possible in adsorption technology. The application of agricultural materials in wastewater treatment has been reported (Doyurum and Celik, 2006; Kumar, 2006; Lakatos et al., 2002; Mohan and Pittman, 2006; Namasiyayam and Yamuna, 1995) . From the more than hundred agricultural materials reported, no studies have been carried out on tassel except reports from this group (Zvinowanda et al., 2008a, b; 2009a, b) . Tassel is found in large quantities from maize producing countries such as South Africa, Mexico, Argentina and USA. In the present study, an attempt has been made to investigate the possibility of using maize tassel as sustainable adsorbent for toxic metal remediation in aqueous environments under different experimental conditions.
The study was carried out at Arcadia Campus, in the Department of Environmental Water and Earth Sciences, Faculty of Science, TUT, Pretoria in 2007 and most of the experimental work was performed in the Environmental Chemistry Research Labratory.
MATERIALS AND METHODS
For both chromium and cadmium, stock solutions were prepared by dissolving 3.734 g of K 2 CrO 4 .6H 2 O and 2.7442 g of Cd (NO 3 ) 2 .4H 2 O, respectively in 1000 mL volumetric flasks and made up to the mark with deionised water. All the required working solutions were prepared by diluting the stock solutions with deionised water.
The maize tassel used in the present study was prepared by crushing air dried tassels (collected from TUT farm) by hand to reduce into smaller particles. The smaller particles were then dried in the oven at 100 °C for 24 h to reduce the moisture content. The material was then milled into a mixture of finer particles with different particle diameters. The course powder was further fractionated into different particle sizes using analytical sieves. The most common particle fractions were A (50-150 µm), B (150-300 µm) and C (300-500 µm) diameters. In this study, fraction A(50-150 µm) was used throughout the experiments. Fourier transform infrared (FTIR) and energy dispersive x-ray (EDX) spectra of the adsorbent were recorded on Perkin-A Perkin-Elmer GX2000 FTIR spectrometer adapted with Perkin-Elmer auto image microscope system and JSM 5800LV, Vantage 6, analytical systems with 130 eV detector (JEOL, Tokyo, Japan), respectively. Samples for FTIR were prepared by diluting the adsorbent to 5 % in KBr and cast in disks for analysis. Analysis of standards and simulated samples was done using an AA140 atomic absorption spectrometer, linked to a HP Compaq with an HP L1906 monitor and mine waste samples were analysed using ICP-OES.
Batch studies Batch experiments for chromium (VI)
Batch experiments were carried out using a series of erlenmeyer flasks of 100.0 mL capacity. Batch experiments were conducted to investigate the effects of pH, contact time, initial Cr (VI) and Cd (II) concentrations, adsorbent dose and temperature on adsorption of the material ions from its solutions. All the adsorption experiments were carried out at room temperature (25 ± 2 °C) except where the effect of temperature was being investigated. The initial pH was adjusted with 1M HNO 3 or 1M NaOH solutions.
The effect of pH on adsorption of metal ions
The effect of pH on adsorption was investigated in the pH range 2.0-10 at 25 ºC. The initial pH of the Cr (VI) solution was adjusted from pH 3 to the desired value by adding few drops of 1.0 M HNO 3 to get a pH 2 solution. Solutions of pH 4 -10 were prepared by adding few drops of 1.0 M NaOH solutions to the pH 3 solution. The same procedure was repeated for Cd (II) (in pH range 3-6).
The effect of metal ion concentration on adsorption
For kinetic studies, 1.0 g of the adsorbent was shaken with 100.0 mL of Cr (VI) solution of varying concentrations (25,150, 300 and 400 mg/L) in different 100.0 mL Erlenmeyer flasks. The contents were continuously agitated in a temperature controlled water bath with a shaker at 100 ± rpm. At the end of the predetermined time intervals (60 min), the adsorbent was filtered and Cr (VI) concentration in the filtrate was determined using FAAS. The adsorbed amount was determined from the difference in the initial and residual concentrations of Cr (VI) in the liquid phase. The same procedure was repeated for Cd (II) samples.
The effect of adsorbent dose on metal ion adsorption
Adsorption dose experiments were also performed with 100 mL of 150 mg/L Cr (VI) solution with the following adsorbent masses 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 and 2.0 g at 25 ºC. The pH of the solution was adjusted to optimum pH 2. After the established contact time (1h) was reached, the suspension was filtered and filtrate analysed for unadsorbed metal ion concentrations. The adsorbed metal ions were obtained by the difference. The same procedure was repeated for Cd (II), but at optimum pH 6.
The effect of contact time on the removal of metal ions
Experiments for the effect of time were also performed following the same procedure, as described earlier, but at a fixed pH 2 for Cr (VI) fixed temperature (25 ± 2 ºC), fixed concentration (150 mg/L) and adsorbent dose (1.0 g/100 mL). Six sets of samples prepared in triplicate were placed in a water bath with a shaker set at 100rpm. After every 30 min, three samples were removed and filtered immediately and the filtrate was analysed. Cd (II) was analysed using the same procedure at its optimum pH 6.
The effect of solution temperature on metal adsorption
Lastly, experiments for the reaction temperature was also performed following the same procedure, with all other parameters fixed, but at different temperature ranges, 25, 35, 45, 55, 60, 70, 80 and 100 ºC. Each analysis was done in triplicate in order to get accurate results for both Cr (VI) and Cd (II).
Data quality assurance
Blanks were prepared for each experimental parameter: pH, contact time, solution temperature, metal ion concentration and adsorbent dose. The prepared blanks were treated exactly the same way the samples were treated. For pH, contact time, adsorbent dose and temperature blanks were subjected to their average values. During the analysis, the instrument FAAS, was programmed in such a way that a blank measurement was made before each sample measurement. The actual concentration of non adsorbed metal ions, C t , was calculated using the equation:
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Where, C t = true concentration of Cr(VI) or Cd(II) still present in solution after reaction; C m = measured Cr(VI) or Cd(II) present in solution; C blk = blank concentration.
Statistical analysis
All experiments were setup in triplicates and relative standard deviation (RSD) was calculated for each result. Any triplicate set with an RSD greater that 5 % was rejected and such experiments were repeated to get a better reliability.
RESULTS AND DISCUSSION

Calculations
When maize tassel powder was tested for its ability to adsorb Cr (VI) and Cd (II) ions from aqueous solution, initial pH of 2 was used for the most experiments. The effects of the following experimental parameters on adsorption which included initial concentration, adsorbent dosage, pH, temperature and the exposure time were studied. All the investigations were carried out as batch experiments for the two metal ions. The uptake or adsorption percent of Cr (VI) and Cd (II) was calculated from the following equation: 
FTIR and EDX analysis of adsorbent
The FT-IR spectrum (Fig. 1) of tassel was used to identify functional groups present on the maize tassel that could be responsible for uptake of heavy metal species. The spectrum of the adsorbent was measured within the range of 4000-600/cm wave number. The absorption peak around 3466/cm indicates the existence of O-H groups. The peaks observed at 2921/ cm can be assigned to stretching vibration of the C-H group. The absorption peaks at 1734, 1643 and 1036/cm are associated with the presence of C=O, C=C and C-O, respectively (Cardenas and Miranda, 2004; Chauhan et al., 2006) . The EDX spectrum obtained for tassel is shown in Fig. 2 . The elemental distribution of tassel shows high percentage levels of Al, Mg and Si elements with potential to form organometallic compounds which might be responsible for the tough elastic properties exhibited by the tassel powder. Int. J. Environ. Sci. Tech., 6 (3), 425-434, Summer 2009 
Adsorption of Cr (VI) Effects of Cr (VI) concentration
The effects of varying Cr (VI) concentration on adsorption capacity while the other four parameters were kept constant is shown in Fig. 3 . The adsorption of Cr (VI) ions by the adsorbent initially increased rapidly with increasing Cr (VI) concentration and slowed down when Cr (VI) concentration reached 300 mg/L (Fig. 3) . The initial rapid increase in the uptake of Cr (VI) can be attributed to the interactions between the metal ions and the active sites of the adsorbent. At higher concentrations more Cr (VI) ions are left un-adsorbed in solution due to the saturation of binding sites. The graph levels off between 400 and 500 mg/L due to total saturation of the binding sites of the tassel. From similar studies conducted by Malkoc et al. (2006) , the adsorption of Cr (VI) on pomace at 25 o C gave q m values of 6.10, 10.34, 10.80 and 2.12 mg/L for solutions of concentrations 50, 100, 150 and 200 mg/L, respectively. These results are similar to the observations made in this studies where the adsorption capacity of tassel for Cr (VI) was in the range 1.8 -10 mg/g. The work by Dubey and Krishna (2007) , found that the maximum adsorption capacity of most investigated biosorbents were in the range of 1.6 mg/g -13.4 mg/g for unmodified bisorbents.
Effects of pH on metal ion adsorption
The effects of pH on the adsorption of Cr (VI) is presented in Fig. 4 . The pH of the aqueous solution is an important operational parameter in the adsorption process. This is because it affects the solubility of the metal ions concentration of the counter ions on the functional groups of the adsorbent and the degree of ionization of adsorbate during reaction (Amuda et al., 2007) . The pH was varied from 1 to 9, while the other operational parameters (adsorbent dosage, agitation time, initial ion concentration and reaction temperature) were kept at the optimum. Temperature, agitation speed, adsorbent dose and contact time were kept at 25 ºC, 100 rpm, 10.0 g/L and 1 h, respectively. Generally, the adsorption capacity of tassel on Cr (VI) decreased with increase in solution pH. However, there was some slight increase in adsorption between pH 6-8. From Fig. 4 , it can be seen that there is a sharp decrease of adsorption from pH 2 reaching the minimum at pH 5. There is a slight increase of adsorption thereafter to pH of about 8, a slight decrease followed by a marginal increase and finally a fall. The sorption capacity of Cr (VI) at pH 2.0 by tassel was 4.5 mg/g, which reduced to 1.0 mg/g at pH 5.0. Similar studies using waste pomace of olive oil factory (WPOOF) gave adsorption capacity of 8.5 mg/g and 2.7 mg/g at pH of 2.0 and 5.0, respectively (Malkoc et al., 2006) . The adsorption process is explained as follows: at low pH, there is a large number of H + ions, which in turn neutralise the negatively charged adsorbent surface thereby reducing hindrance to the difusion of dichromate ions (Mohan and Pittman, 2006) . Hence, the sorption increases with increase in the acidity of the solution. As the pH increases, the concentration of OH -ions increases and overall charge on the adsorbent surface becomes negative which . This results in decreased sorption of Cr (VI) at high pH (Mohan and Pittma, 2006) . The other possible mechanism of adsorption of Cr (VI) is through the oxidation of the adsorbent surface to groups like carboxylic (COOH), carbonyl (C=O) and hydroxyl (OH) groups. Cr (VI) is then reduced to Cr (III) which is positively charged and will be attracted to negatively charged functional groups generated on the surface of adsorbent by oxidation.
Effect of adsorbent concentration/ dosage
The removal of chromium(VI) by tassel at different adsorbent doses( 0.2-2.0 g in 100 mL i.e 2-20 g/L) for the chromium concentration 150 mg/L was studied. The other parameters were fixed as follows: contact time: 1h, agitation speed: 100rpm and an optimum pH: 2. The results in Fig. 5 show that the the adsorption capacity of Cr (VI) decreased rapidly with increase in the dose of tassel. However, conversion of adsorption capacity to metal ion uptake gave an increase in % adsorbed. These results are in agreement with studies by Malkoc et al., (2006) . They observed an increase in Cr (VI) uptake from 51.7 to 98.6 % as the dose concentration was increased from 5 -15 mg/L. However, the sorption efficiency showed a reverse trend to the removal percentage adsorptions. With increase in adsorbent dose from 2.0 to 20 mg/L, i.e. from 0.2 to 2.0 g of adsorbent in 100 mL of solution, the adsorption of Cr (VI) ion per unit weight of adsorption decreased from 9.8 (66.7 %) to 3.0 mg/g (33.3 %).
Effect of temperature on Cr (VI) adsorption
The adsorption of Cr (VI) from aqueous solutions at different temperatures was investigated. Samples were subjected to temperatures which ranged from 25 to 100 ºC. As can be seen in Fig. 6 , the adsorption capacity increased to a maximum which was reached at 45 ºC and thereafter it decreased gradually. The maximum adsorption efficiency of 5.5 mg/g (36.6 %) occurred at 45 ºC. From the effect of temperature studies using WPOOF conducted by Malkoc et al. (2006) on the adsorption of Cr (VI), it was observed that the adsorption capacity of Cr (VI) incresed with temperature. This was observed in the temperature range 45 ºC -60 ºC for the concentration range 50 -200 mg/L. When the solution temperature was increased, this increased the oxidising power of the Cr (VI) ions. The ions were then reduced to Cr (III) and were bound strongly on the organic material. However, overheating might result in desorption kinetics dominating.
The effect of contact time on Cr (VI) adsorption
The effect of contact time on the adsorption of Cr(VI) from its solution is shown in Fig. 7 . There is a general increase in the % adsorption of Cr (VI) with time. However, the adsorption slowed down after about 120 min. This could possibly be the time required for the equilibrium to be established. Generally, an equalibrium is established at the surface of the adsorbent after sometime or it can be instantaneous. The equilibrium utake of Cr (VI) was about 68 %. The equilibrium was established after 120 min. They also investigated the effect of temperature on the time taken to establish equilibrium.
Effects of Cd (II) concentration
The impact of concentartion on the adsorption capacity of tassel powder for Cd (II) in shown in Fig. 8 . As can be seen from Fig. 8 , there is a general increase in adsorption of Cd (II) up to a concentration of 300 mg/L, thereafter, the adsorption levels off, remaining almost constant. To investigate the effects of the Cd 2+ concentration on the uptake of this metal, the process was carried out with initial Cd 2+ concentrations between 25 and 500 mg/L. The agitation speed, pH, contact time and adsorbent dose were fixed at values of 100±5 rpm, pH 3, 1h and 0.1 g. The material showed good adsorption of Cd 2+ ions as the percentage removal of 3 -6 % per 0.1 g tassel equivalent to the calculated ranged from 30 to 68 % per 1 g tassel. The levelling of the curve after 300 mg/L can be attributed to the saturation of adsorption active sites. From the studies done by Doyurum and Celik (2006) , adsorption Cd (II) was done using olive cake. There was a general increase in Cd (II) adsorption by olive cake and saturation was established at about 250 mg/L. These experiments were carried out at pH 4.5 at a temperature of 30 ºC. An adsorption uptake of 51.4 % for Cd (II) using olive cake was achieved.
Effects of pH on Cd (II) adsorption
The impact of pH on the uptake of Cd (II) ions by tassel is shown in Fig. 9 . The removal percentage of Cd 2+ ions remained almost constant in the pH range 2-4. However, there was a rapid increase in the removal percent from pH 4 to alkaline region. This could be associated with the formation of Cd (OH) 2 and Cd (OH) 4 -species which might be more attracted to the adsorbent -and other such groups become protonated. This will result in the increase in electrical repulsion between the adsorbent surface and the species to be adsorbed. At higher pH, the surface of the adsorbent was almost neutral and thus resulting in minimal repulsion between the adsorbent and the adsorbate. Doyurum and Celik, 2006 , carried out adsorption studies of Cd (II) They varied their pH from 3.5 to 6 and 30 % uptake of Cd (II) from its solutions was obtained. Their results are significantly low compared to the uptake obtained in the present study. This could mean possibly that the adsorption properties of tassel were more influenced by pH than those of olive cake.
Effect of adsorbent concentration on Cd (II) removal/ dosage
The impact of adsorbent dose on the adsorption of Cd(II) in shown is Fig. 10 . From Fig. 10 , it can be observed that there is a general increase in the adsorption of Cd(II) as the adsorbent dose increased. The other parameters like in previous investigations were kept constant during the contact process. Solutions of 150 mg/L, were equilibrated at 25 ºC for 1 h at agitation speed of 100 rpm at pH of 2 and a mass of 0.2 g tassel was used. Not much work has been reported on the effect of adsorbent dose on Cd (II) sorption.
Effect of temperature on Cd (II) adsorption
The impact of temperature on the adsorption of Cd (II) is shown in Fig. 11 . From Fig. 11 , it can be deduced that the adsorption capacity of tassel on Cd (II) decreased with increase in temperature. Temperature can have a dual effect in adsorption mechanisms. Increase in temperature of the system will result in increase in the kinetics of the adsorbate species. This means particles will travel at a faster rate to the surface to get adsorbed. However, the adsorbed species might gain enough energy from temperature of the system and get desorbed at even a faster rate than adsorption rate. From this study, it was observed that the increase in temperature resulted in decrease in removal percentage in the temperature range 25 to 65 ºC (Fig. 11) . However, thereafter, an increase is observed. The increase in adsorption after 65 ºC could be inferred to the increase in functional groups at the surface of the adsorbent as more hydrolysis of the surface took place.
The effect of contact time on Cd (II) adsorption
The impact of contact time on adsorption of Cd (II) is shown in Fig. 3-12 . A general increase in Cd (II) adsorption with contact time is observed in the initial stages and it then levelled off after about 200 min. Th e con tact time is essen tial for th e establishment of equilibrium during the adsortiondesorption process. From the results of this study, the maximum removal percentage of 54.9 % occurred after 150 min. There was a general increase in removal percentage from 15.7 to 54.9 % as the contact time increased from 30 to 210 min. After 210 min, the removal percentage decreased a bit to about 53 % and remain stable thereafter. Results reported by Doyurum and Celik (2006) showed that equilibrium was established after 40 min. In their study, more than 80 % uptake of Cd (II) was achieved. 
CONCLUSION
The aim of this work was to study the dependence of adsorption on adsorbent and adsorbate (chromium (VI) and cadmium (II)) characteristics by means of batch studies. The removal of Cr (VI) from aqueous solutions strongly depended on pH of the solution, adsorbent mass, initial Cr (VI) concentration, contact time and adsorbent mass. For Cr (VI), the maximum adsorption was obtained at pH 2.0. A temperature of 45 ºC gave a maxima in the temperature variation studies for Cr (VI). Maximum removal of Cr (VI) from aqueous solutions can be obtained if all of the five process parameters are optimised. The removal of Cd (II) from its aqueous solutions was also parameter dependent. However, this metal exhibited poor extraction percentage compared to Cr (VI). The adsorption of Cd (II) was most influenced by the pH of the solution. A removal of 87.4 % was observed at pH 5 at 25 ºC. The adsorbent mass and initial Cd (II) concentration had minimal influence on the removal of Cd (II) from its aqueous solutions. From this study, it was observed that tassel can be used as an alternative low cost adsorbent for Cr (VI) and Cd (II) remediation for polluted water and wastewater. If tassel is to be used as a low cost adsorbent, there is a need to adjust the pH of the solution to optimal values obtained in this study. It is further recommended that chemical modification of the adsorbent be done to further improve the adsorption efficiency of the material. 
